A strictly anaerobic, moderately thermophilic, halotolerant rod, designated BELH25 T , was isolated from a water sample of a Tunisian hot spring. Cells were non-motile, 2-6 mm long and 0.4-0.6 mm wide, appearing singly or in pairs. The isolate grew at 45-70 6C (optimum 55 6C), at pH 6.2-8.0 (optimum pH 7.0) and with 0-4 % NaCl (optimum 0-2.0 % 
, was isolated from a water sample of a Tunisian hot spring. Cells were non-motile, 2-6 mm long and 0.4-0.6 mm wide, appearing singly or in pairs. The isolate grew at 45-70 6C (optimum 55 6C), at pH 6.2-8.0 (optimum pH 7.0) and with 0-4 % NaCl (optimum 0-2.0 %). Sulfate, thiosulfate, elemental sulfur, sulfite, nitrate and nitrite were not used as terminal electron acceptors. Strain BELH25 T used cellobiose, fructose, galactose, glucose, maltose, mannose, sucrose, starch and yeast extract as electron donors. The main fermentation products from glucose metabolism were formate, acetate, ethanol and CO 2 . The predominant cellular fatty acids were iso-C 15 : 0 , iso-C 17 : 0 and anteiso-C 15 : 0 . The DNA G+C content was 37.2 mol%. Phylogenetic analysis of the 16S rRNA gene sequence indicated that strain BELH25 T was most closely related to Caloramator viterbiensis JW/MS-VS5 T and Fervidicella metallireducens AeB T (92.2 and 92.1 % sequence similarity, respectively), and the isolate was positioned approximately equidistantly between these genera. Based on phenotypic, phylogenetic and chemotaxonomic characteristics, strain BELH25
T is proposed to be a member of a novel species of a novel genus within the order Clostridiales, family Clostridiaceae, for which the name Fonticella tunisiensis gen. nov., sp. nov. is proposed. The type strain of the type species is BELH25 T (5DSM 24455
Within the domain Bacteria, many thermophiles and hyperthermophiles belonging to the class Clostridia have been isolated from hot springs. Within the order Clostridiales, most bacterial species isolated from terrestrial hot springs pertain to the families Syntrophomonadaceae and Peptococcaceae, with a few representatives pertaining to the families Acidaminococcaceae, Heliobacteriaceae, Caldicoprobacteraceae and Clostridiaceae (Wiegel, 2009; BouananeDarenfed et al., 2011) . In the family Clostridiaceae, the first clostridial cluster is composed of the genera Clostridium, Anaerobacter, Caloramator, Oxobacter, Sarcina, Thermobrachium and Fervidicella (Wiegel, 2009) . It is only recently that hydrothermal ecosystems have been exploited in Tunisia to look for novel micro-organisms inhabiting local hot springs (Haouari et al., 2008) . This study describes a novel thermophilic halotolerant bacterium isolated from a Tunisian hot spring, which had phenotypic and phylogenetic traits that allowed its assignment to a novel species of a novel genus in the first cluster of the family Clostridiaceae.
Water samples were collected from a hot spring in Tunisia, Hammam Bourguiba (50-55 u C and pH 7.5), under anaerobic conditions and transported to the laboratory. Strict anaerobic procedures were followed for isolation and culture of micro-organisms, as reported by Hungate (1969) . The selective medium for enrichment and isolation contained (l 21 ): 1.0 g NH 4 Cl, 0.3 g K 2 HPO 4 , 0.3 g KH 2 PO 4 , 0.1 g KCl, 0.1 g CaCl 2 . 2H 2 O, 23 g NaCl, 2.0 g yeast extract (Difco), 0.5 g cysteine-HCl, 0.05 g sodium acetate, 10 ml Balch trace element solution (Balch et al., 1979) and 1 ml of 0.1 % resazurin. The pH was adjusted to 7.0 with 10 M KOH and the medium was boiled and cooled to room temperature under a stream of O 2 -free N 2 gas. Aliquots (5 ml) were dispensed into Hungate tubes, degassed under N 2 /CO 2 (80 : 20, v/v) and subsequently sterilized by autoclaving at 120 u C for 20 min. Before inoculation, for 5 ml of medium, 0.1 ml of 10 % (w/v) NaHCO 3 , 0.1 ml of 2 % (w/v) Na 2 S . 9H 2 O, 0.1 ml of 15 % (w/v) MgCl 2 . 6H 2 O and 0.1 ml of 1 M glucose were injected from sterile stock solutions into the tubes. A 0.5 ml aliquot of sample was inoculated into Hungate tubes containing 5 ml basal medium and glucose as energy source. The tubes were then incubated at 60 u C. To obtain pure cultures, the enrichment was subcultured several times under the same growth conditions prior to isolation. For isolation, the culture was serially diluted 10-fold in roll tubes. Several colonies that developed were picked separately. The colonies obtained in roll tubes were round and brown and about 2 mm in diameter after 12 days of incubation at 60 u C. The process of serial dilution was repeated several times until the isolates were deemed to be axenic. Several strains similar in morphology and producing the same end products from glucose metabolism were isolated. The strain designated BELH25
T was selected and characterized further.
The methods for extraction and purification of total DNA followed by the amplification and sequencing of 16S rRNA gene have been previously described (Khelifi et al., 2010) . The 16S rRNA gene sequence was compared with available sequences in the GenBank database using the BLAST search (Altschul et al., 1990) . A multiple-sequence alignment was created using the Muscle program (Edgar, 2004) . Editing of alignments was performed using BioEdit (Hall 1999) . Positions in sequences with alignment uncertainty were omitted from the analysis. A phylogenetic tree was inferred by the neighbour-joining method (Saitou & Nei, 1987) with the Jukes and Cantor model (Jukes & Cantor, 1969) , using the TREECON phylogenetic analysis program (Van de Peer and De Wachter, 1994) . Bootstrap values were determined from 500 replicates (Felsenstein, 1985) .
Phylogenetic analysis of the 16S rRNA gene sequence (1503 nt) indicated that strain BELH25
T was a member of the family Clostridiaceae, class Clostridia, phylum Firmicutes (Fig. 1) . Strain BELH25
T was positioned approximately equidistantly between the genera Fervidicella, Caloramator, Thermobrachium, Clostridium, Anaerobacter, Oxobacter and Sarcina (86.8-92.2 % 16S rRNA gene sequence similarity) (Fig. 1) . The closest relatives to strain BELH25 T were Caloramator viterbiensis JW/MS-VS5 T (92.2 % 16S rRNA gene sequence similarity) which was isolated from an Italian hot spring (Seyfried et al., 2002) , Fervidicella metallireducens AeB T (92.1 %) which was isolated from an Australian microbial mat (Ogg & Patel, 2010) , and Clostridium cylindrosporum DSM 605 T (91.7 %), which is known to inhabit various soils and chicken intestines (Andreesen et al., 1985) .
Gram-reaction was performed with heat-fixed liquid cultures stained with the Difco kit reagents. Cellular morphology and purity of the strain were assessed under a phase-contrast microscope (Optiphot; Nikon). For transmission electron microscopy, cells were negatively stained with sodium phosphotungstate, as previously described (Fardeau et al., 1997) . The presence of spores was assessed by microscopic observation of cultures and by pasteurization tests performed at 80, 90 and 100 u C for 10 and 20 min.
Growth experiments were performed in duplicate, using Hungate tubes containing basal medium. The pH of the medium was adjusted to pH 5-9 (at intervals of 0.5 pH unit) by injecting aliquots of anaerobic stock solutions of 1 M HCl, 10 % NaHCO 3 or 8 % Na 2 CO 3 into the tubes. The pH of the medium was verified after autoclaving. Water baths were used to determine growth at 30-75 u C (at intervals or 5 uC). To assess growth with 0-10 % NaCl (at intervals of 0.5 %), NaCl was weighed directly in the tubes before the medium was dispensed. The strain was subcultured at least twice under the same experimental conditions before the growth rates were determined. Arabinose, cellobiose, fructose, galactose, glucose, glycerol, lactose, maltose, mannose, sucrose, xylose, Casamino acids, acetate, lactate, formate, methanol, ethanol, succinate, fumarate, starch and pyruvate were tested as electron donors. Each substrate was added to the basal medium at a final concentration of 20 mM. H 2 /CO 2 (80 : 20; 2 bars) alone or in the presence of acetate (2 mM) as a carbon source was also tested as an electron donor. The effect of yeast extract and biotrypcase (Panreac, Spain) on growth was tested with and without substrate added. Resistance to ampicillin, vancomycin and kanamycin (10-500 mg ml 21 ) was tested in Hungate tubes at 70 u C for 4 days. Elemental sulfur (1 % w/v), sodium sulfate (20 mM), sodium thiosulfate (20 mM), sodium sulfite (2 mM), sodium nitrate (10 mM) and sodium nitrite (2 mM) were tested as terminal electron acceptors. H 2 S production was determined photometrically as colloidal CuS by using the method of Cord-Ruwisch (1985) . Bacterial growth was monitored by measuring the increase in turbidity at 580 nm by insertion of Hungate tubes into the cuvette holder of a spectrophotometer (Cary 50; Varian). End products of metabolism were measured by HPLC and GC of the gases released after 2 weeks of incubation at 37 u C (Fardeau et al., 2000) .
Cells of strain BELH25
T were Gram-positive, non-motile, non-spore-forming rods with a thick outer cell wall and approximately 2-6 mm long and 0.4-0.6 mm wide, occurring singly or in pairs (Fig. S1 , available in IJSEM Online). The isolate required yeast extract for growth, which could not be replaced by biotrypcase or Balch's vitamins. Other phenotypic characteristics of strain BELH25
T are listed in the genus and species descriptions and Table 1 . It can be noted that the isolate did not produce H 2 , unlike the other strains of the family Clostridiaceae.
Analysis of polar lipids of strain BELH25
T , C. viterbiensis and F. metallireducens was carried out by Dr Brian Tindall at the Identification Service of the DSMZ, (Braunschweig. Germany). Polar lipids were separated by two-dimensional TLC and detected by using molybdophosphoric acid and heating at 200 u C for 10 min. For fatty acid analysis, the biomass of strain BELH25
T and the reference strains was standardized for physiological age at the point of harvest, according to Technical Note 101 of the Microbial Identification System (MIDI; http://www.microbialid. com/PDF/TechNote_101.pdf). Fatty acids were extracted using the method of Miller (1982) with the modifications of Kuykendall et al. (1988) and analysed by GC (model 6890N; Agilent Technologies) using Sherlock version 6.1 and the TSBA40 database (MIDI). The complete fatty acid compositions of strain BELH25
T and the reference strains are given in Table S1 . The major fatty acid of the isolate and the reference strains was iso-C 15 : 0 and the compositions were comparable for the three strains, but there were several differences between the proportions. The polar lipid profile of strain BELH25
T consisted of a phospholipid, phosphatidylethanolamine, phosphatidylglycerol, two glycolipids, an aminophosphoglycolipid and an aminophospholipid (Fig. S2) . The profile of polar lipids of strain BELH25
T was different from those of the reference strains.
DNA was isolated and purified by chromatography on hydroxyapatite using the procedure of Cashion et al. (1977) and the G+C content was determined at the DSMZ by HPLC, as described by Mesbah et al. (1989) . The DNA G+C content was 37.2 mol%.
Therefore, on the basis of phylogenetic inference and differential characteristics, we propose that strain BELH25 T represents a novel genus and species within the family Clostridiaceae, Fonticella tunisiensis gen. nov., sp. nov.
Description of Fonticella gen. nov.
Fonticella [Fon.ti.cel9la. L. masc. n. fons, fontis a spring, fountain; L. fem. n. cella a storeroom, in biology a cell; N.L. fem. n. Fonticella a cell (bacterium) isolated from a spring].
Gram-positive, non-motile, non-spore-forming, thermophilic rods with fermentative and obligately anaerobic metabolism. The major fatty acids are iso-C 15 : 0 , iso-C 17 : 0 and anteiso-C 15 : 0 . The major polar lipids are phospholipid, phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, glycolipids, aminophosphoglycolipid and aminophospholipids. A member of the family Clostridiaceae, phylum Firmicutes, according to 16S rRNA gene sequence analysis. The DNA G+C content is 37.2 mol%. The type species is Fonticella tunisiensis.
Description of Fonticella tunisiensis sp. nov.
Fonticella tunisiensis (tu.ni.si.en9sis. N.L. fem adj. tunisiensis of or belonging to Tunisia). (10, vancomycin (10) and kanamycin (10).
The type strain, BELH25
T (5DSM 24455 T 5JCM 17559 T ), was isolated from a hot spring in Tunisia.
